The aim of the study was to construct models of firms' survival duration for individual poviats in the Zachodniopomorskie Voivodeship. The first stage was the calculation of the Kaplan-Meier estimator and the use of a test for the verification of similarities in the survival function for the analysed poviats. As a result, groups of poviats were created. The next stage of research was the construction of duration tables of the studied firms and an analysis of the intensity function of firms' liquidation for the poviats. The percentage of firms liquidated after two years of activity in different poviats (stage III) was presented. An analysis of correlation between the percentage of firms liquidated in the analysed period and the number of entities registered per 10 thousand of population in the poviats (stage IV) was also conducted. This study used data from the registry of REGON related to companies established in the Zachodniopomorskie Voivodeship in 2009-2011. These entities were observed till the end of 2013. The study results reveal the differentiation of firm survival models in the poviats of the Zachodniopomorskie Voivodeship. Five groups of poviats were distinguished and characterised.
Introduction
For the purpose of the survival analysis, parametric, semi-parametric, and non-parametric models are used. The construction of parametric models requires the adoption of a theoretical distribution of the examined variable (Gazińska, 2003; Frątczak et al., 2005) , which is difficult in the case of studies on the duration of firms (Markowicz, 2012; Markowicz, 2014) . Therefore, in this study, continuous-time non-parametric models were used: the Kaplan-Meier estimator, the duration table (intensity liquidation), and the Gehan test. Those methods were employed to model the survival time and find differences in the survival of firms in the poviats of the Zachodniopomorskie Voivodeship.
The purpose of the present study was to build company survival models for individual poviats in Zachodniopomorskie. In the first stage, the Kaplan-Meier estimator was calculated and a test to verify the similarity of the survival function for the poviats was conducted. The poviats were classified into groups. Next, tables of company survival were built and the company liquidation intensity was analysed in individual groups of poviats. In the subsequent stage, the percentage of companies liquidated in the first and the second year of operation was determined in individual poviats and groups (stage III). Additionally, an analysis was performed of the correlation between the percentage of firms liquidated during the observation period and the number of registered entities per 10 thousand of population in the poviats (stage IV). This study used data from the registry of REGON related to companies established in the Zachodniopomorskie Voivodeship in 2009-2011 (21 poviats) . The entities were observed till the end of 2013.
Statistical data
The article presents the results of the cohort analysis. The cohorts comprise the enterprises set up in the poviats of Zachodniopomorskie in 2009-2011 that were observed till the end of 2013. The information about the number of established and closed-down businesses is shown in Table 1 , while Figure 1 shows the number of liquidated and censored (not liquidated till the end of the observation period) firms. Throughout 2009 -2011 ,587 firms were established. By the end of 2013, the number of liquidated firms reached 22,234 (37%). Number of firms  established  liquidated  03  drawski  1381  499  04  goleniowski  2638  1054  05  gryficki  2415  1096  06  gryfiński  2643  1005  07  kamieński  1857  704  08  kołobrzeski  3049  1112  09  koszaliński  2088  826  10  myśliborski  2070  789  11  policki  3076  1054  12  pyrzycki  1220  508  13  sławieński  1788  773  14  stargardzki  3983  1661  15  szczecinecki  1968  814  16  świdwiński  1102  450  17  wałecki  1366  536  18  łobeski  1059  464  61 Koszalin ( 
Groups of poviats with similar survival functions
A non-parametric firm survival model in the poviats of Zachodniopomorskie can be built by means of the Kaplan-Meier method (Product-Limit-Estimation), provided that we assume the presence of censored observations. In contrast to the survival tables, this method does not require grouping the observation times into class intervals. The firms' survival time is the realisation of the random variable (T; δ):
where: T z -the survival time of a liquidated firm; T c -the survival time of a censored firm; δ -the random variable adopting 1 for a complete observation and 0 for a censored observation.
The Kaplan-Meier estimator can be calculated as (Kaplan, Meier, 1958; Markowicz, 2012) :
where: t i -the moment in which there was at least one event (firm liquidation), z i -the number of events at time t i (complete observations), n i -the number of units of observation at time t i . The Kaplan-Meier estimator is a function that is non-increasing, periodically constant, with leaps at random time points determined by complete observations (liquidation of at least one enterprise). The estimator adopts the values:
The initial value of the survival function is 1 and it decreases at subsequent points of time t i at which at least one analysed event has occurred. According to the literature, the statistical properties of the Kaplan-Meier estimator are regarded as good when the sample is large 1 . When using the Kaplan-Meier estimator, the probability of survival can be estimated at any time. The statistical relevance of the differences in survival models built for groups can be measured with an adequate non-parametric statistical test, taking into consideration the presence of censored data. The hypothesis that the survival functions for groups are equal (Gehan, 1965; Klainbaum, Klein, 2005) is verified by means of the Gehan test, whose statistics are written (Namboodiri, Suchindran, 1987) as follows:
where (Domański, Pruska, 2000; Domański et al., 2014): time ti at which at least one analysed event has occurred. According to the literature, the statistical properties of the Kaplan-Meier estimator are regarded as good when the sample is large 1 . When using the Kaplan-Meier estimator, the probability of survival can be estimated at any time. The statistical relevance of the differences in survival models built for groups can be measured with an adequate non-parametric statistical test, taking into consideration the presence of censored data. The hypothesis that the survival functions for groups are equal (Gehan, 1965; Klainbaum, Klein, 2005) is verified by means of the Gehan test, whose statistics are written (Namboodiri, Suchindran, 1987) as follows:
where (Domański, Pruska, 2000; Domański et al., 2014) : In order to distinguish the groups of Zachodniopomorskie poviats with similar firm survival times, the relevance of differences in the survival times of firms established in 2009-2011 in 21 poviats was examined. Kaplan-Meier estimators were calculated for each poviat and compared pair-wise. The groups were separated in such a way as to ensure that each of them contains poviats where the differences among survival time models were not statistically significant. For each pair of poviats, the hypothesis H0: S1(t) = S2(t) for each t was tested. The differences were considered significant when p 0.05. Therefore, each group contained only the poviats with similar survival functions. The functions in the poviats of one group can be significantly or irrelevantly different from the poviats in other groups. Moreover, the groups were ordered according to the decreasing probability of the analysed firms' survival over time. On the other hand, the poviats within the groups were ordered depending on the (5) time ti at which at least one analysed event has occurred. According to the literature, the statistical properties of the Kaplan-Meier estimator are regarded as good when the sample is large 1 . When using the Kaplan-Meier estimator, the probability of survival can be estimated at any time. The statistical relevance of the differences in survival models built for groups can be measured with an adequate non-parametric statistical test, taking into consideration the presence of censored data. The hypothesis that the survival functions for groups are equal (Gehan, 1965; Klainbaum, Klein, 2005) is verified by means of the Gehan test, whose statistics are written (Namboodiri, Suchindran, 1987) as follows:
where (Domański, Pruska, 2000; Domański et al., 2014) : In order to distinguish the groups of Zachodniopomorskie poviats with similar firm survival times, the relevance of differences in the survival times of firms established in 2009-2011 in 21 poviats was examined. Kaplan-Meier estimators were calculated for each poviat and compared pair-wise. The groups were separated in such a way as to ensure that each of them contains poviats where the differences among survival time models were not statistically significant. For each pair of poviats, the hypothesis H0: S1(t) = S2(t) for each t was tested. The differences were considered significant when p 0.05. Therefore, each group contained only the poviats with similar survival functions. The functions in the poviats of one group can be significantly or irrelevantly different from the poviats in other groups. Moreover, the groups were ordered according to the decreasing probability of the analysed firms' survival over time. On the other hand, the poviats within the groups were ordered depending on the In order to distinguish the groups of Zachodniopomorskie poviats with similar firm survival times, the relevance of differences in the survival times of firms established in 2009-2011 in 21 poviats was examined. Kaplan-Meier estimators were calculated for each poviat and compared pair-wise. The groups were separated in such a way as to ensure that each of them contains poviats where the differences among survival time models were not statistically significant. For each pair of poviats, the hypothesis H 0 : S 1 (t) = S 2 (t) for each t was tested. The differences were considered significant when p ≤ 0.05. Therefore, each group contained only the poviats with similar survival functions. The functions in the poviats of one group can be significantly or irrelevantly different from the poviats in other groups. Moreover, the groups were ordered according to the decreasing probability of the analysed firms' survival over time. On the other hand, the poviats within the groups were ordered depending on the increasing number of similarities to the poviats in other groups. The groups are shown in Table 2 . In keeping with the above scheme, five groups of poviats with similar firm survival time models were distinguished. The first group consisted of the following poviats: Koszalin (city), Szczecin (city) and policki (adjacent to Szczecin), where the probability of the analysed firms' survival in the successive months was the highest. Another group comprised a single poviat, i.e. the drawski poviat. The tests indicated the similarity of the survival function to some poviats in groups 1 and 3. The remaining groups were characterised by increasingly faster declining survival functions. It needs to be noted that the last group, the gryficki poviat, had the lowest probabilities of survival in the successive months. The tests demonstrated the significance of the differences between the firm survival model in that poviat and the remaining poviats. The last column in Table 2 shows the test values for many samples designated for groups of multi-poviats. The results reveal a lack of significant differences in the survival function within the groups. 
Intensity of firms' liquidation
The next stage of the analysis was the construction of cohort tables of firms' survival in individual poviats (21 areas). The tabular model was built for the three-month models (Markowicz, 2015) . The enterprises that did not go into liquidation by the end of 2013 are considered censored. Based on the elements of the table, the intensity function of firm liquidation (hazard function) was analysed. The estimator ĥ t of intensity function is calculated as the ratio of the probability estimator of a firm's liquidation in the interval (t, t + 1) to the half of the sum of the estimators of the firm's probability to outlive beyond the intervals (t, t + 1) and (t -1, t) (Balicki, 2006) :
Many studies have confirmed that the intensity function of firms' liquidation adopts the inverted U-shape with a fixed maximum, which is in keeping with the theoretical learning model (Markowicz, 2012; Markowicz, 2016) . Figure 2 shows the intensity function of the analysed firms' liquidation for five groups of poviats. The functions of individual groups take the characteristic shape. The survival time is analysed in intervals (Figure 2 -the beginning of the time interval). Having analysed the shape of the intensity function of firms' liquidation in individual groups of poviats built according to the survival models, the following observations were made: 1) the intensity function of firms' liquidation for group 1 takes the typical inverted U-shape with the maximum marked within 24-27 months; it adopts low values;
2) passing from group 1 to group 5, we can observe a less and less distinct shape of the intensity function in the form of inverted U-shape, increasingly higher intensities of firms' liquidation and increasingly stronger fluctuations of this intensity over time.
Liquidation of firms after 2 years of economic activity
Between 2009 and 2011, in the Zachodniopomorskie Voivodeship, 59,587 enterprises were established. By the end of 2013, 37.3% of them were closed down. In individual poviats, the percentage of liquidated firms was: 33.3% (group 1; in the poviats of 32.6% to 34.3%), 36.1% (group 2; one poviat), 38.6% (group 3; in the poviats of 36.5% to 41.4%), 41.7% (group 4; in the poviats of 39.6% to 43.8%), 45.4% (group 5; one poviat). Thus, from group 1 to 5, the share of liquidated firms was growing. The above-presented analysis of the intensity function revealed that the critical moment was the 24th month of activity. Later, the intensity of liquidations decreased. Therefore, the author determined the indicator of liquidation after 24 months of enterprise activity. The results are shown in Figure 3 (the indicator of liquidation after 1 year of activity was also calculated). In the voivodeship, 23.2% of firms were liquidated after 24 months of existence. Figure 3 shows the poviats by groups. 
Liquidated firms vs operating enterprises
The last stage of the study contains an analysis of the correlation between the number of firms established in 2009-2011 that were liquidated by the end of 2013 and the number of businesses existing in 2013 per 10 thousand residents in individual poviats. It seems that in the poviats with lower density of firms, the possibility for new start-ups to emerge and survive was bigger. The relationship between the examined variables is shown in Figure 4 . The Pearson correlation coefficient was -0.7008, (t = -4.2818; p = 0.0002). Thus, it turns out that the more operating businesses per 10 thousand residents, the lower the percentage of liquidated firms. It was in the poviats with high density of businesses where new entities found their market niche. In Figure 4 , the previously created groups of poviats are marked. Groups 1-5 are placed along the regression line starting from the lowest percentage of liquidations (with slight derogations). 
Conclusions
The study results presented in this article reveal the differentiation of firm survival models in the poviats of the Zachodniopomorskie Voivodeship. Five groups of poviats were distinguished. The groups (from 1 to 5) were characterised by: 1) decreasing time to firms' liquidation (decreasing survival functions), 2) a less and less distinct shape of the intensity function (inverted U-shape), 3) growing intensity of firms' liquidation, 4) increasingly stronger fluctuations of intensity in time, 5) an increasingly higher percentage of enterprises liquidated during two years of activity, 6) decreasing density of firms accompanied by a growing percentage of liquidations.
The research has shown that a critical moment is the 24th month of operation. One of the reasons for the obtained rate of firms' liquidation may be the period of subsidised social security contributions (ZUS, 2014) . Since 2005 start-up owners can pay significantly lower social security contributions for the first 24 months of operation, which definitely helps enterprises to survive. However, the failure of businesses after the period of subsidised contributions comes to an end suggests their weakness.
